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Introduction
Extensive studies of blood vessels and their diseases have left
the majority of the problems in this field unsolved. The vast
literature dealing with the anatomy and physiology of blood vessels
has not been summarized critically and few new conceptions in the
experimental approach to the problems have been introduced. It
has seemed desirable, therefore, to gather the existing information
concerning the nutrition of the vessel wall because this is one of the
important moot points which must be borne in mind in any inter-
pretation of the lesions which occur spontaneously or under con-
trolled experimental conditions. Efforts have been made to insti-
tute such experimental procedures during the last four years and
the following articles bring up to date the results of these studies.
They are designed in part to amplify the knowledge of the nutrition
of the vessel wall and in part to study the reaction to injected irri-
tants of a closed loop of the rabbit carotid artery. In addition,
studies are included which deal with the effect of experimental
occlusion of the coronary artery and its effect on the myocardium.
* Conducted under the direction of Dr. Raymond G. Hussey, these studies
were carried out under a grant from the Josiah Macy Jr. Foundation. From the
Department of Pathology, Yale University School of Medicine.NUTRITION OF THE BLOOD VESSEL WALL:
REVIEW OF TIHE LITERATURE
ELIZABETH M. RAMSEY
GENERAL CONSIDERATIONS
The literature supplies three general sources from which infor-
mation may be gleaned concerning the leading theories of the
mechanism of intramural nutrition; first, morphological studies of
blood vessels; second, studies of the pathogenesis of vascular dis-
ease; and third, a limited number of physiological studies of blood
vessels.
The well-recognized fact that even the larger blood vessels vary
widelywith respect totheir structuregreatly complicates any attempt
to compare or synthesize theinformation derived from the published
studies in these three groups. The exigencies of experimental tech-
nic, the nature of the material available to individual workers and,
in addition, the hypotheses forming the bases of the studies have
led to the selection of all types of vessels by the various investigators
and but rarely has more than one type been subjected to any given
form of study. Nevertheless, two distinct schools of opinion upon
the subject have evolved in the century and a half during which
investigation and speculation have been devoted to the problem of
how blood vessel walls are nourished.
Common to both schools is the belief that, like all other tissues
of the body, blood vessel walls require nutriment to support their
metabolism and some means for the elimination of waste products.
Further, they are in agreement that the adventitia and to some
extent the outer portion of the media, of the larger vessels at least,
are supplied with arterial and venous vasa vasorum, and it is quite
generally assumed that these coats are cared for by these vessels.
The real problem, therefore, narrows down to the question of the
source of nutriment for the remaining portions of the wall and the
role played by lymphatic channels. It is on these matters that
opinions diverge. Disregarding at this point the bases upon which
the assumptions are made, the outstanding hypotheses are as follows:
1. The vasa vasorum supply the inner layers of the vessel wall.
Some authorities present histological evidence that vasa vasorum are
present in normal vessels at all depths up to and including the layer
immediately beneath the internal elastic lamella. Other members
of this group look upon the presence of vasa vasorum in the inner-PATHOLOGY OF VASCULAR DISEASE
most layers of the media as a manifestation of pre-existent disease,
but hypothesize the normal existence of an intricate canal system by
which either lymph or substances emanating from the vasa vasorum
by diffusion are carried to the deepest strata of the media.
2. The inner coats of the vessel wall derive their nourishment
from the blood flowing within the lumen of the vessel. Certain
workers look upon the process as one of diffusion across the intact
endothelial layer while others speak of a canal system in open com-
munication with the lumen. It is the opinion of members of both
groups that the removal of w-aste products is effected by the venous
vasa vasorum of the outer coats. Certain individuals present evi-
dence suggesting lymphatic drainage as well.
In presenting a summary of the extensive literature in this field
it has seemed logical to limit the review to work published since the
use of the microscope in the study of tissues became a general
practice.
THEORIES OF MECHANISM OF INTRAMURAL NUTRITION
VASA VASORUM.
For purposes of convenience the literature relating to this phase
of the subject may be divided into four large groups as follows:
work demonstrating presence of vasa vasorum (1) in the adventitia
alone, (2) in the outer layers of the media, (3) in the inner layers
of the media, and (4) in the intima. It is practicable to commence
the study of the work of each group with a somewhat detailed con-
sideration of the work of one particular individual who may be
chosen as the proponent of the whole group. Plotnikow, Risse,
Gimbert, and Koester have been selected for this purpose, since in
their studies were employed most of the classical technics used in
the investigation of intramural vascularity and since the conclusions
which they draw from their experimental data are representative of
the principal hypotheses upon the subject.
Work demonstrating the presence of vasa vasorum in the adventitia
alone. Proponent: Plotnikow. (1884.)
Plotnikow's work was exdusively an anatomical study; his
material, human arteries ofvarious types and his method, a modifica-
tion of older injection technics. The thoracic and abdominal por-
tions of the aorta, the common iliac, femoral, brachial, radial, and
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ulnar arteries and the corresponding veins were injected with a
warm aqueous gelatine solution of Berlin blue. A pressure of
250 mm. of mercury was maintained for injecting the aorta and
160 mm. for other vessels. The results, which are reported in
detail, may be summarized as follows: 1. Vasa vasorum are only
occasionally seen in the media of normal femoral, brachial, radial,
and ulnar arteries. 2. There is a consistent positive correlation
between the occurrence of intimal thickening and the presence of
vasa vasorum in the media. While recognizing the opinion of
Koester and his followers (v. infra) that this is because endarteritis
is secondary to disease of vasa vasorum and hence can only occur
where vasa vasorum are present, Plotnikow points out that the
reverse may equally well be the case; i.e., the vasa vasorum may be
a manifestation of the response of the media to unusual conditions in
the adjacent intima. Lacking any actual experimental evidence he
is unable todecide between these alternatives. 3. The normal occur-
rence of vasa vasorum in the media of the aorta and common iliacs
may be related to the fact that these vessels are provided with a
particularly thick media. 4. The media of veins is richly supplied
with vasa vasorum. In the brachial, radial, and ulnar veins, which
have no internal elastic lamella, the vasa vasorum penetrate almost
to the endothelial lining. 5. In no instance did he observe arterial
vasa vasorum arising from the arteries they supply nor venous vasa
vasorum leading into the vessels they drain.
Plotnikow's belief that the media contains vasa vasorum only
in special instances is shared by A. Aschoff4, on the basis of human
embryological studies; by Rokitansky78 and Argaud2, who made
histological examinations of human arteries; by Soboroff85, whose
histological studies included examination of diseased human veins
and arteries; and by Robin77 and Lange53. The opinion of the
latter was supported by a critical analysis of previous anatomical and
pathological investigations and by the author's own research in the
form of isolation, injection, and ligation experiments.
Work demonstrating thepresence of vasavasorum in the outer layers
of the media. Proponent: Risse. (1843.)
Risse's dissertation is concerned both with normal vascular struc-
ture and with the pathogenesis of vascular disease. Before present-
ing his theories on the latter subject he devoted considerable time
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to investigation of some of the debated questions regarding the
normal structure and function of vessel walls. His conclusion
regarding the distribution of vasa vasorum, based upon injection
experiments*, is that they penetrate the external layers of the media.
and there ramify into a fine network. He was not able to demon-
strate them at any greater depth than the junction of adventitia and
media. Nevertheless, he asserts his belief that "the walls of arteries
offer no exception to the universal rule: they also are nourished by
capillaries ... That there are no vessels in the intima and the upper
layers of the media is not an argument to the contrary." To sup-
port this opinion he cites: 1. Virchow's classical experiments on
artificial arteritis; 2. the integrity of artery walls for long periods
after obstruction of the lumen by a clot; and 3. the inevitable death
of the intima following destruction of the media.t
By far the largest number of writers are in agreement with
Risse's conclusion that vasa vasorum penetrate the outer layers of
the media. Certain individuals attempt to fix a definite limit to
the depth of penetration, e.g., the junction of the outer and middle
thirds or that of the outer and inner halves, etc., while those who
investigated more than one type of vessel tend to be less dogmatic
and to allow for variations between types. Gerlach20 and Kolliker42
in the middle years of the century published the results of work in
which they demonstrated the presence of a fine capillary network
in the external layers of the media. of healthy human arteries.
Traube92 presented no experimental work of his own, but upon the
basis of his clinical and pathological experiences reviewed the whole
field of sclerosis and offered a theory of vascular physiology and
pathology based entirely upon acceptance of the fact that vasa vaso-
rum are present only in the external layers of the media. Morel66
Burdach11, Koster48, L. Aschoff5, Ranvier70, and Stroganow86,
basing their statements upon histological examination of healthy and
pathological material, concur in this opinion. Marchand62, who
believed that vasa vasorum occasionally penetrate the intima, was
convinced that they are generally limited to the adventitia and outer
layer ofthe media. Zahn"'0 carried out a particularly detailed study
* Technical details of these experiments are not given.
t The author does not specify the sense in which he uses the expression "death
of the intima" nor does he state the basis for his opinion which is contrary to
common observations in vessels exhibiting the Monckeberg type of sclerosis.
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of the origin of vasa vasorum in human vessels and performed
injection experiments which enabled him to investigate their ramifi-
cations within the successive coats of the arterial wall. His general-
ization upon the basis of this work is that while vasa vasorum are
usually present only in the adventitia and outer third of the media,
they may occasionally be demonstrated close to the elastica interna.
Griunstein24 made a comparative examination of the histological
structure of arteries of individuals of various ages. Only in the
aorta of one 70-year-old individual did he find vasa vasorum penre-
trating as far as the inner third of the media. In aortae from
younger individuals he found them only in the adventitia and outer
layer of the media. In arteries other than the aorta he saw vasa
vasorum only in the adventitia. It was his belief, however, that
injection technics might demonstrate a far deeper penetration
than purely histological methods. Petroff's injection experiments68
seemed to him to offer reliable evidence favoring direct passage of
nutrient substances from the lumen of the vessel across the intact
endothelium; but incidental to this observation his work indicated
that the adventitia and outer half of the media obtain their nutrition
from vasa vasorum, although he makes no statement regarding the
location of the vessels. Robertson's injection studies on the human
thoracic aorta showed vasa vasorum penetrating only the outer
third of the media in uninjured vessels76.
Work demonstrating the presence of vasa vasorum in the inner
layers of the media. Proponent: Gimbert. (1865.)
Gimbert's work, like that of Plotnikow, was a purely morpho-
logical study dealing with the origin, distribution, and structure of
vasa vasorum in detail. All the materials examined were obtained
either at necropsy or surgical operation. The conclusions reached
by this author are as follows: Vasa vasorum are found in both
arteries and veins. They are most numerous in the vessels of the
face; less numerous in the vessels supplying the viscera and the base
of the brain. None are present in the vessels within the brain or in
the umbilical artery. The vasa vasorum of any given artery origi-
nate from its branches, neighboring arteries or, indirectly, from the
given artery itself. In the latter case the vasa vasis arise as true
branches of minute size and turn sharply upon themselves to pene-
trate the wall of the parent vessel at some distance from the points
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of origin. They enter the vessel wall which they are to supply
longitudinally toits longaxis and branch off at right angles penetrat-
ing the media where they form external and internal anastomosing
networks. In general, it is impossible to differentiate afferent and
efferent components of the network. However, this can be done
in the aorta. Venous vasa vasorum emerge from the wall of the
given vessel and penetrate neighboring structures to join other
venules or they may enter the vessels they drain as true tributaries.
In general, the vasa vasorum are capillaries of the second order.
They attain to arteriolar size in the wall of the aorta. The deep
branches are capillaries of the first order.
The theory that vasa vasorum penetrate deeply into the media,
as elaborated by Gimbert, is supported by the observations made
by Letierce"8, Schulmann83, and Sewell84 upon microscopic prepara-
tions of supposedly healthy human arteries. As will be seen sub-
sequently, Koster46 is in agreement with this opinion, with the single
reservation that "upon occasion" they penetrate yet further. Injec-
tion experiments and studies of the pathogenesis of vascular
metastases in neoplastic disease indicated to Goldman22'28 that vasa
vasorum supply only the adventitia and superficial layers of the
media in young adult life. It is his belief, however, that they pene-
trate moredeeplyunderconditions ofphysiological intimal prolifera-
tion in later life. Injection experiments led Woodruff98'" to the
conclusion that in certain animals (horse, cow, and dog) vasa
vasorum may be seen extending through the media of the aorta to
end at the internal elastic membrane of the intima. Certain tech-
nical difficulties prevented his obtaining satisfactory results with
human aortae, but even the partial injection which he achieved
showed a network of vasa vasorum within the outer layers of the
media. A group of authors including Thompson91, Raynaud7", von
Ebner"7, Klotz84, Ehrenreich"8, Bichat8, Martin63, and Key-Aberg32
state that vasa vasorum are present in the media, but fail to make
any statement as to the depth of penetration.
Work demonstrating the presence of vasa vasorum in the intima.
Proponent: KOster. (1875.)
In contrast to the purely deductive methods employed by Plot-
nikow, Risse, and Gimbert, Koster may be said to have reached his
conclusions regarding vasa vasorum by means of the reverse process
of reasoning. His primary concern was vascular pathology, partic-
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ularly arteritis, and from observations made upon diseased vessels
he felt justified in postulating certain generalizations regarding
normal vessels. On the basis of studies of material obtained at
necropsy and surgical operation he reached the conclusion that all
vascular pathology is secondary to disease of the vasa vasorum, or
"vasa nutritia," specifically including in that term lymphatic as well
as arterial and venous blood channels. His data upon the distribu-
tion of vascular lesions convinced him that "vasa nutritia" must,
therefore, be present in most vessels, even in those so small that they
were previously unsuspected of such a supply, as, for example, the
small vessels in the brain, lung, bronchi, etc. They enter the vessel
wall at right angles and turn so that their capillary bed runs parallel
to the lumen of the vessel. They penetrate to just beneath the
intima of arteries and veins. Upon occasion they may even be
demonstrated within the intima of larger vessels.
Those who concur in K'oster's belief that vasa vasorum pene-
trate into the intima are few in number and all make the statement
with certain reservations. Letierce58, who has been seen to regard
their presence throughout the adventitia and media as the usual
condition, concludes, on the basis of examination of necropsy ma-
terial, that they are present in the intima in the fetus and in "delicate,
undernourished" infants without the existence of vascular disease.
Sappey80 described vasa vasorum in the intima of the aorta of the
cow and the whale. He was unable to trace them to this depth in
the human aorta, but he was convinced that his failure to do so was
referable to the difficulties inherent in the material. Marchand62,
reviewing previous work and reporting his own injection experi-
ments, states, as was mentioned above, that the usual location of the
vasa vasorum is in the adventitia and outer layer of the media, but
that occasionally capillaries from the network in the media penetrate
into the intima in completely healthy vessels. This latter location,
however, he considers so rare as to be of no assistance in explaining
the usual method of nutrition of the media and intima. Kaufmann31
states "the largervessels are nourished by vasavasorum passing from
the adventitia through their wall. This includes the intima which
is not supplied by the blood passing through the vessels." Experi-
mental bases for this statement are not supplied. Durante"5 makes
no statement regarding the distribution of vasa vasorum, but presents
experimental data which he interprets as proving that they supply
nutrition to the entire vessel wall including the intima.
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Not all of the authors who express an opinion regarding the
depth of penetration of vasa vasorum make it quite clear to the
reader to what extent they believe that the vasa vasorum are the
means of transporting nourishment to the vessel wall. Certain of
them, as will be seen later, believe that other avenues also exist,
but Risse75, Sappey79 80, Durante15, Ehrenreich18, and Kaufmann3"
make specific statement of their conviction that nutrition is entirely
supplied by the vasa vasorum.
NOURISHMENT FROM THE LUMEN.
In the decade between 1870 and 1880 a number of investigators
expressed their belief that the nutrition of the intima is supplied by
the blood passing over it in the lumen of the vessel. While this
was not by any means a new idea it had not been explicitly expressed
previously. Traube92, however, provided a specific statement of the
belief: "Since the vasa vasorum penetrate only into the media, the
intima can derive its nourishment only from the blood which flows
past it in the lumen." Rindfleisch74 was equally specific, "the intima
is so dependent upon the lumen for its nourishment that if it be
cut off from it (as, for example, by a thrombus) necrosis results,"
and Koster" states, "We may assume without doubt that the intima
derives its nutritive substances from the blood which flows past it
and not from the vasa vasorum." At about this same time Strog-
anow87 carried out injection experiments to investigate the possibility
of this source of supply. His results led him to the conclusion that,
at least postmortem, it was impossible to demonstrate penetration of
dyes across the intact endothelial lining. Ehrenreich18 and Mar-
tin", in discussions of the pathogenesis of intimal disease, stated it
as their opinion that the nourishment of the intima (Martin limited
this to the superfical layer of the intima) is probably derived from
the blood within the lumen of the vessel, although the outer coats
are cared for by vasa vasorum. Neither of them investigated the
matter experimentally. Klotz34 amplified the concept of nourish-
ment from the lumen to include the inner layers of the media as
well as the intima. The work of Petroff68 has already been men-
tioned. It consisted in vital staining of vessel walls, and to his
mind indicated definitely that the inner layer of the media as well
as the intima derives its nutriment from the lumen of the vessel.
Anitschkow1 shared this opinion upon the basis of various considera-
tions, namely, the postmortem absorption of blood pigment by the
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intima; in vivo absorption of bile pigment in jaundiced individuals
and absorption of cholesterol by rabbit arteries under experimental
conditions. This absorption he believed to occur through the inter-
cellular "Zwischensubstanz," to be regulated by pressure and to take
place at certain "weak points" where the permeability is greatest.
Okuneff67 performed vital staining experiments upon dog and cat
aortae. His results agreed perfectly with those of Anitschkow.
He especially noted the location of the "weak points" at which the
greatest amount of absorption occurred, but stated his inability to
advance more than hypothetical reasons for the deposition in these
places. L. Aschoff5 is particularly specific in his statement that the
vessel wall is nourishedboth fromwithin and from without. He sets
the mid-zone of the media as the point at which plasma streams
from the lumen of the vessel meet streams of nutrient material
emanating from the vasa vasorum. Briuning studied vessels which
had previously been subjected to periarterial sympathectomy, with
coincidental stripping of the adventitia, and found the inner layers
well preserved. This seemed to him good evidence that nourish-
ment of these layers takes place from the lumen under normal con-
ditions. With injury to the intima (as in arteriosclerosis), however,
there is increasing dependence upon the vasa vasorum of the outer
layers, so much so that if the vasa vasorum are cut off necrosis of
the vessel wall results.
CANAL SYSTEM.
Shortly before 1866 the use of silver nitrate as a differential
stain for endothelium came into common use and a number of
histologists applied it to preparations of arteries. Not only was the
endothelial layer of the intima clearly stained by this means, but
the reagent also brought into view star-shaped configurations with-
out nuclei which formed a network throughout the immediately sub-
jacent layers of the- intima. These structures were interpreted by
von Recklinghausen72" 7 as representing cross-sections of canals
traversing this portion of the vessel wall while His26 looked upon
them as the outlines of cells whose nuclei the silver nitrate failed to
stain. In 1866, Langhans" undertook an investigation of these con-
figurations which have since borne his name. By combining
Muller's solution and carmine with the silver nitrate he succeeded
in demonstrating nuclei within the star-shaped structures. Never-
theless, the question of the possibility of the existence of canals
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within the vessel wall, separate and distinct from the vasa vasorum,
had been raised, and an era of intensive study of this possibility was
initiated. Numerous histological studies and injection experiments
were undertaken by various individuals. The results and the inter-
pretations of them were not uniform and the entire subject became
a matter of lively controversy.
Von Ebner"7 repeated Langhans' staining technic and was unable
to identifv, with any assurance, the structures either as cells or as
canals. His statement, "such configurations frequently occur with
silver stains" gives the impression that he regarded them as arte-
facts. Eberth"8, writing in Stricker's text-book of histology, said
that the tissues of the inner layer of longitudinal fibers contain num-
erous spindle and star-shaped cells set in anastomosing canals, and
he raised the question whether or not Langhans' structures may be
muscle cells because of the club-shaped nuclei observed close to their
margins. Traube92, who, as has been seen, recognized vasa vasorum
only in the superficial layers of the media, believed that a canal
system is present in the intima and that nutritive substances derived
from the lumen circulate within it. His argument is based upon
observation of diseased vessels. He believed that white blood cells
from the lumen cross the endothelium either by diapedesis or
through Cohnheim's stomata, if such are present, as he thought that
they might well be, though he could not demonstrate them. By
analogy, he thought that nutrient substances reach the canals in simi-
lar fashion. Heubner's dassical work25 upon syphilis of the arteries
of the brain includes the statement that the meshes between the
fibers in the intima do not represent "Lucken" which might be inter-
preted as part of a canal system, but are filled with homogeneous,
clear or granular material in which the cells are embedded (von
Ebner considered this "Zwischensubstanz" embryonal connective
tissue). In his text-book Ranvier" states his belief that the net-
work which Langhans saw in the intima constitutes a "systeme plas-
matique." K8ster's concept" of "vasa nutritia," previously referred
to, includes small endothelium-lined canals which traverse the sub-
endothelial tissue. A rich anastomosing network ofthese is described
for all coats including the intima, but no mention is made of com-
munication with the lumen. Indeed, the whole body of his work
which supports his belief that lesions progress from the outer into
the inner coats of the vessel wall contradicts the possibility of such
communication. It is not clearly brought out whether the canals
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contain substances which diffuse from the vasa vasorum and accumu-
late in them or are filled with lymph and represent lymph capil-
laries continuous with the perivascular lymph network.
At this point mention may be made of certain opinions which
have been expressed upon the controversial subject of vascular lym-
phatics. An interesting resume of early views and of the bearing
upon them of the Hunterian doctrine of "Absorption" is to be found
in the 1882 article of the Hoggans27. Sappey was one of the first
of the French workers to subject the inatter to experimental investi-
gation, using the "mercury needle" technic. In his comprehensive
monograph and atlas79 of the lymphatics of the human body he
lists the walls of blood vessels as one of the four body tissues totally
devoid of lymphatics. The Hoggans, upon the other hand, found
richly anastomosing plexuses at the junction of the media and
adventitia in both veins and arteries of large caliber and deep
plexuses almost immediately subendothelial in veins without mus-
cular coats. Likewise, Schiefferdecker8", using silver stains as did
the Hoggans, demonstrated a lymphatic network in the subendo-
thelium ofpigaortae. Von Thanhoffer88 demonstrated the presence
of canals in the intima and their communication with the lumen,
with each other, and with lymph vessels. He introduced a gelatin
silver nitrate solution under high pressute into the lumen of vessels
which were doubly ligated on either side a few centimeters from
the point of injection. Trompetter93 failed to achieve successful
injection of canals in normal vessels by an outside approach. He
injected Berlin blue into the adventitia and the force of his injection
separated the endothelium from the intima causing the dye to enter
the lumen.* This accident occurred less frequently in vessels with
a thickened intima, but even so he was unable to obtain satisfactory
injection ofthe canals. In the same year Stroganow86 87 carried out
injections similar tothose of von Thanhoffer using a simple solution
of Prussian blue, as well as silver nitrate solutions, and carefully
regulating the pressure to a level somewhat below that of the blood.
Human aortae obtained at necropsy were the subjects of the experi-
* Letierce in 1829 had a similar experience in introducing dyes into the vessel
wall, although he was attempting to inject vasa vasorum rather than canals. He
looked upon the experience as illustrating the mechanism by which subintimal
ecchymoses occur.
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ment. His dye clung within the folds of the vessel* and on longi-
tudinal section there appeared to be injected canals. Cross sections
dispelled this illusion which he thought had misled those individuals
who believed they had actually injected the canals. By the use of
silver and carmine stains together Key-Aberg32 demonstrated nuclei
in Langhans' star-shaped structures. But he felt that this did not
entirely rule out the possibility of the existence of an intramural
canal system and accordingly undertook experimental study of the
matter. He injected asphalt chloroform into the media of adult
aortae. With the unaided eye he saw the injection fluid enter the
lumen of the vessel and microscopic preparations demonstrated
canals in all three coats. The entrance of the fluid into the lumen
seemed to him to establish beyond question the presence of stomata
in the endothelium. Upon the basis of a careful review of the
literature Marchand62 drew the conclusion that the only logical way
to explain the mechanism of nutrition of those coats of vessel walls
devoid of vasa vasorum was by assumption of the existence of a canal
system. In his own injection experiments (technic not stated) he
encountered the same difficulty as Trompetter, i.e., separation of the
endothelium. In vessels with thickened intimae, however, he did
succeed in demonstrating canals in the superficial and middle layers
of the intima. In common with other investigators he saw nuclei in
Langhans' star-shaped spaces, but he interpreted them as the lining
cells of the canals which, like epithelial cells lining other hollow
spaces, had become desquamated either ante or post mortem.
Vialleton95 studied histological preparations of many diseased
arteries in man and other mammals and was convinced of the pres-
ence of lymph spaces, or at least lymph elements, in the non-vascu-
lar coats of the vessels. Hollis28' 29, who developed a theory of
pathogenesis of intimal disease associated with trauma of the endo-
thelium, stated that canals filled with plasma are present in all coats
of the vessel. It is not apparent from what source he believes the
plasma to be derived; whether it enters the canals by diffusion
across the intact endothelium or through stomata. Lange's opin-
ion" is that the walls of small vessels are nourished solely by the
tissue fluids bathing them externally. Lymph vessels, he specifi-
cally states, are unknown in the media and intima. Plasma streams
*Produced inevitably by postmortem contraction unless special methods are
used, according to McWilliam and Mackie61, and MacCordick59.
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between the cells of the media and intima of larger vessels are to
be assumed, their direction being from the lumen toward the adven-
titia. In the lumen of larger vessels a layer of plasma without
blood corpuscles lies next to the vessel wall. (This is the result of
mechanical forces.) From this layer plasma enters the wall of the
vessel through stomata in the endothelium. No statement is made
as to whether or not the "plasma streams" occur in definite cell-
lined canals. Lange's opinions are based upon experimental work
mentioned above. His statement that lymphatics do not occur in
the media or the intima is in accord with the opinion expressed in
Bartels' standard work' on lymphatics and with the conclusions
reached by Lee55 as the result of his work on the lymphatic vessels
in the wall of the thoracic aorta of the cat. He performed careful
injection experiments with Berlin blue and was unable to demon-
strate any lymph vessels deeper within the wall than the adventitia.
In subsequent studies56 of the lymphatics of the liver, however, he
found a rich plexus in the media of the hepatic vein. Kutsuna51,
on the other hand, found a complex lymphatic network in all three
coats in the hepatic and portal veins of the pig, the horse, the ox, and
the rabbit. The most recent worker in this branch of the subject is
Iwanov80 of Moscow, whose objective it has been to determine
whether the canal system, which has been described and discussed
from so many points of view, is directly connected with the extra-
vascular regional lymphatic system. He injected India ink, from
which the injurious constituents had been removed by dialysis, into
an isolated stretch of carotid artery. Within two or three days the
lymphatics of the vessel wall were diffusely filled with ink partides
and subsequently the ink was found in the regional lymph nodes.
He assumed that the ink escaped from the vessel lumen across the
intact endothelium through the stomata or through the intercellular
"Zwischensubstanz" or, by analogy with Cunningham's findings
in serous membranes, actually through the endothelium itself.
RELATIONSHIP BETWEEN SOURCE OF NUTRITION AND
PATHOGENESIS OF DISEASE
Upon many occasions in the past the study of disease manifesta-
tions in a given organ has provided fundamental information regard-
ing the anatomy and physiology of the part. From the foregoing
it will be seen that such is strikingly the case in the field of vascular
structure and function with respect to the blood supply of blood
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vessel walls. It is now, however, desirable to examine the litera-
ture from the other angle and to determine the opinions of the
various investigators regarding the relationship between the nutritive
channels and pathogenesis of disease.
That there is such a relationship and that it is definitely a causal
one in affirmed by Marchand62 throughout his works. With signifi-
cant emphasis he commences his discussion of endarteritis with the
statement, "Here it is a question of disturbances in nutrition,"
observing later on in his paper that these nutritional disturbances
proceed from a combination of mechanical factors within the lumen
of the vessel and disturbances in the vasa vasorum. Only second-
arily is there formation of new vessels and production of young cells
which grow out into the intima from the media and adventitia. As
these do not represent true granulation tissue the process cannot
properly be called an inflammatory one, but is rather a response of
the fixed tissues to conditions of impaired nutrition.
Risse75 likewise points to malnutrition of the intima, resulting
from changes in the capillaries, as the cause of intimal connective
tissue proliferation. Although the exact nature of the capillary
changes causing this malnutrition is not specified, he notes the simi-
larity of the resultant fibrosis to that occurring in other organs whose
blood supply is impaired.
Koster"6, Raynaud7", Trompetter93, Martin63, and Sewell84, state
unequivocally their opinion that disease of the intima is secondary to
disease of vasa vasorum and that the so-called degenerative changes
of the intima are dependent upon disturbances in nutrition brought
about by changes in the vasa vasorum. Some of the expressions of
this opinion are so clear and forceful as to deserve citation. Ko-ster"
says, "One might call phlebitis a lymphangitis and perilymphangitis
venae," and in the articles on arteritis he expresses a similar opinion
regarding that condition. According to Trompetter93, "Every
endarteritis corresponds to a chronic inflammatory process in the
media or adventitia, the latter inflammation following the course of
the vasa vasorum." Boy-Teissier9, Therese89, Lepine and Blanc"7,
and Heubner25 concur in this opinion, although the latter limits its
application to luetic arteritis.
Frigo19 is equally specific upon the subject, stating that examina-
tion of the condition of the nutritive vessels of arteries in which
lesions are so earlv as to be invisible grossly is of great importance
because by such investigation it may be clearly demonstrated that
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lesions of the vasa vasorum are the primary factor entirely inde-
pendent of lesion of the vessel to which they pertain. Citing
numerous cases he declares that there remains no room for doubt
that lesions of the small arteries and of the capillaries result in a
progressively diminished nutrition of the organs they supply and
the functioning elements of the latter undergo a progressive deteri-
oration until they finally disappear and are replaced by connective
tissue of new formation. By analogy with this well-recognized
condition in other organ systems he explains the lesions described
in atheroma of the arteries.
Among the workers who regard the lumen as the source of
intramural nutrition, Traube92, Koster48, and Anitschkow' consider
it also the origin of pathological elements (chiefly white blood celfs)
which reach the intima by diapedesis or through the stomata.
Stroganow86'87 may be added to the group of individuals holding
this opinion, although he makes no specific statement of belief that
nutrition is derived from the lumen.
L. Aschoff5, who believes that there is a dual blood supply to
blood vessel walls, combines Thoma's theory9" of mechanical factors
with his own data on cholesterol metabolism in explaining the path-
ogenesis of intimal changes. Both factors, he believes, exert their
effect by way of the normal pathways of nutrition.
Klotz similarly believes that impairment of nutrition is a-funda-
mental factor in the etiology of vascular disease. In view of his
theory of a dual blood supply to blood vessel walls there is no con-
tradiction in his two statements34: when the intima has, from some
external cause, become so thickened "that nutrition is no longer
able to pass from the lumen of the vessel to the innermost border
of the media, nutritional degeneration, with a deposit of fat in the
tissues, will take place", and, "It is probable that all vessels which
are disturbed from their normal bed of vasa vasorum will later
show inflammatory and degenerative processes." In another
article37 he is yet more specific, stating, "the development of aneur-
ysm in acute rheumatic fever simulates the process in syphilis in
as far as the inflammatory invasion begins in the adventitia and the
vasa vasorum of the media," and "It has repeatedly been impressed
upon us that when the bacteria themselves are making inroads on
the vascular tissues, they do this by attacking them by the way of
the vasa vasorum." Subsequently, in a discussion of nodular endar-
teritis38, he modifies this by the statement that in many acute infec-
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tious diseases intimal reactions may occur independently of vasa
vasorum inflammations though simultaneously with them. And in
1916 he writes4" that no one who has carefully studied the problem
of pathogenesis of vascular disease can escape the condusion that
more than one causative agency and mechanism exists.
That the establishment of luetic lesions in blood vessels is inti-
mately connected with the vasa vasorum was first suggested by
Doehle and Chiari an'd the members of the Kiel group of investi-
gators in the last decade of the 19th century. The theory has been
abundandy confirmed since then by numerous investigators whose
opinions were summarized by Winternitz in his 1913 report97.
Robertson's study78 of the distribution of vasa vasorum in the
thoracic aorta revealed to him a striking correlation between the
degree of vascularity of certain regions and the common sites of
occurrence of aortic disease exdusive of senile change. The latter
occurs inthose regions which he found to be poorest in vasavasorum,
where, in other words, the nutrition is least adequate.
Further evidence as to the role of the vasa vasorum in vascular
pathology is provided by the observations of von Schnurbein82 and
of Tyson' upon dissecting aneurysms. The latter, generalizing
somewhat more extensively than had von Schnurbein, conduded
that dissecting aneurysm of the aorta is dependent upon degenerative
changes in the media which in turn are caused by arteriosclerosis or
low-grade inflammation of a large number of vasa vasorum. The
actual aneurysm is said to commence with a rupture of one or more
vasa vasorum with resultant hemorrhage into the weakened media.
Kurkowsky's observation of the rOle played by vasa vasorum in
the formation of collateral circulation4 and direct anastomoses50 fol-
lowing ligation of an artery; the numerous descriptions of the rOle
ofvasa vasorum in the organization of thrombi which have appeared
since Baumgartenla wrote his extensive literary and experimental
review of the subject; the participation of vasa vasorum in patho-
logical curiosities, such as the callus formed in fractured ossified
arteries, as described by Klotz40,-all of these indicate the relation-
ship between vasa vasorum and the healing of vascular lesions.
Finally, as collateral evidence, distantly but directly related to
the problem in hand, there may be cited the much-disputed theory
of the embolic origin of endocarditis. Since Luschka in 1852 pub-
lished an illustrated description of the blood vessels in heart valves
until recent years when Bayne-Jones' employed the most careful
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modern technic to demonstrate them once more, the matter has been
a controversial one. Pathologists who have been convinced of the
vascularity of the valves have not hesitated to declare that at least
some, if not all, instances of bacterial endocarditis are of embolic
nature. Koester44, whose stand upon "vasa nutritia" and their rela-
tionship to vascular pathology has been seen to be one of the most
dear-cut in the whole history of the subject, was the originator of
this theory. He has had able supporters and able opponents down
to the present day.
In summary, it may be said that among those individuals who
affirm a relationship between the source of intramural vascular nutri-
tion and the pathogenesis of vascular disease the most direct con-
nection of this nature is established by members of the vasa vasorum
and canal system schools. They look upon pathology of these
channels as the primary and causal factor in the disease. It is their
belief that, in the first instance, inflammatory reactions of the intima
and inner media represent a spread to this layer of inflammatory
conditions in the nutritive channels, and, in the second instance,
proliferative changes and fatty deposits in the intima are the result
of diminished blood supply from the vasa vasorum or canals, this
process being similar to the fibrosis occurring in other organ systems
when blood supply is inadequate. Upon the other hand, those
investigators who believe that nutrition is derived from the-lumen
of the vessel regard the lumen as the source of injurious agents,
deleterious mechanical influences, and cellular elements. Whtn the
latter have been deposited in the intima in sufficient numbers, an
impairment of nutrition occurs secondarily, but this factor is a result
rather than a cause of intimal pathology.
SUMMARY
The foregoing review offers abundant support for the opinion
expressed at the outset that the definitive experiments in the field
of intramural vascular nutrition are yet to be performed. The work
of the earlier anatomists and pathologists which opened up the field
for study and speculation has hardly been surpassed. More recent
work has disclosed a multitude of collateral factors for which allow-
ance must be made in evaluating experimental data, but it has not
shed any revealing light upon the fundamental problems involved.
Now, as in 1875, three possible mechanisms must be recognized;
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namely, nutrition through vasa vasorum; nutrition from the lumen
of the vessel; or nutrition by way of a canal system communicating,
directly or indirectly, with the vasa vasorum or the lumen. Now,
as in 1875, it is impossible to state which of these mechanisms, or
what combinations of them, are operative, or what r8le is played by
the lymphatics. Modern research has introduced but one feature
which was foreign to the vigorous partisans of the schools of'thought
of fifty years ago. This new element is an increasingly firm convic-
tion that none of the rigid "theories" is entirely adequate; that the
mechanism of nutrition may conceivably vary in different types of
vessel and under different physiological and pathological conditions;
that the hypotheses and even the data heretofore accepted must be
re-examined and subjected to critical re-evaluation.
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